Control of brown dog tick, Rhipicephalus sanguineus was attempted by utilizing sustained release preparations of synthetic analogues of assembly pheromones. The assembly pheromone, in defined ratio, was encapsulated using poly-ε-caprolactone by water-in-oil-in-water double emulsion solvent evaporation technique. In the in vitro bioassay, percent mortality with test microspheres was 95.6, 64 and 44 among the unfed larvae, unfed nymph and unfed adults respectively, 24 hours post-exposure. Field trials were carried out to evaluate the efficacy of microspheres in luring and killing environmental stages of R. sanguineus in dog houses/kennels. Engorged and unfed stages in the environment were found adhered and dead on the specially designed lure.
Introduction
Rhipicephalus sanguineus is the most common tick that is known to infest dogs. Control of R. sanguineus will prove fruitful only if on and off-host control measures are attempted as it is a three-host tick. With the reports on ticks developing resistance to commonly employed acarcides, it will be wise to minimize their utility. Thus alternate tick control strategies need to be explored. Semiochemical assisted pest control strategies are popular in agricultural field. It has been unexploited for the control of pests of veterinary importance. Although attempts have been made as early 1974 by Gladney et al. to control ticks using semiochemicals, the many constraints due to the nature of these compounds and hence their utilization has hampered research in this field. The high volatility and low stability of the semiochemicals are the two major constraints that need to be addressed if these biologically active substances are to be utilized to the maximum. Campion et al. (1978) pointed out that controlled release is essential if they are to be used effectively in the field. Hence in the current study, a novel attempt has been made in utilizing sustained release assembly pheromone microspheres for the control of dog tick, R. sanguineus using synthetic polymer, poly-ε-caprolactone (PCL), a type of biodegradable synthetic polymer. It is biocompatible and easy to fabricate (Lin et al. 1999) . PCL microspheres have been used for the sustained release of insulin (Mukerjee et al. 2007 ).
Materials and Methods

Collection of ticks
Adult brown dog ticks of R. sanguineus were collected from the dogs presented in the Small Animal Clinics at Madras Veterinary College Teaching Hospital, Chennai and from dogs housed in Blue Cross of India, Velachery. The unfed stages viz., unfed larvae, nymph and adult were used soon after moulting as they responded readily to the assembly pheromone than the fed/engorged stages. Benoit et al. (2008) found that unfed stages responded more readily to assembly pheromone than fully engorged stages. 
Assembly pheromone
Synthetic analogues of assembly pheromone (AP) viz., adenine, guanine and xanthine were procured from SigmaAldrich, USA. These were used in the ratio 25:1:1 of guanine, adenine and xanthine (Sonenshine 2004 ).
Acaricide
Deltamethrin (1.25 percent), a commercially available preparation of the synthetic pyrethroid ( Butox ® , Intas. Pvt. Ltd.) was used as acaricide in the current study.
Microsphere preparation
Using the synthetic polymer Poly-ε-caprolactone (PCL), microspheres were prepared by water-in-oil-in-water double emulsion solvent evaporation technique as employed by Mukerjee et al. (2007) . AP comprising of guanine, adenine and xanthine in the ratio of 25:1:1 was dissolved in (95 mcg of guanine, 3.8 mcg of adenine and 3.8 mcg of xanthine) 4 ml of 1M sodium hydroxide (SD fine chemicals, India) forming the first aqueous phase. 300 mg of PCL (Sigma Aldrich, USA) was dissolved in 6 ml of dichloromethane-(DCM, Rankem laboratory reagents) forming the oil phase. 0.5g of poly-vinyl alcohol (PVA, 85,000-1, 24,000 mol. weight, SD fine chemicals, India) was added to 100 ml of pre-warmed (60°C) distilled water and was stirred continuously for 60 minutes in a magnetic stirrer by heating to 85°C. Once the PVA completely dissolved, the solution was cooled to RT. This formed the second aqueous phase. 4 ml of first aqueous phase (AP) was dissolved in 6 ml of oil phase (PCL in DCM) and homogenized for 5-10 minutes in a homogeniser (Ultra-turrax T25 basic, Germany) at 3000 rpm. In case of test microspheres, deltamethrin (250 µl of was added, whereas for acaricide control, only deltamethrin (without AP) was added. 100 ml of PVA was homogenised at 6000 rpm and to this the AP-DCM mixture was added and homogenised for about 3 minutes. Then the beaker was sealed using aluminium foil pierced to allow evaporation of the solvent (DCM), which was kept under constant stirring in a magnetic stirrer overnight, after which, the microspheres were recovered by centrifugation of the beaker contents at 3000 rpm for 10 minutes. The supernatant was discarded and the sediment was washed twice in DW, then poured onto a petriplate and dried for 24 hours. The microspheres in the form of fine powder were scraped off the petriplates, and transferred to labelled containers.
HPLC
High performance liquid chromatography was done at the Pharmacovigilance Laboratory for Analysis of Animal Feed and Feed Stuffs, Madhavaram, Chennai to qualitatively analyse the entrapment of the assembly pheromone into the microspheres as per the procedure of Dusbabek et al. (1991) .
In-vitro evaluation of microspheres
The experimental design consisted of four groups: Group I -Test microspheres containing both assembly pheromone and acaricide Group II -Pheromone control microspheres containing only assembly pheromone Group III -Acaricide control microspheres containing only deltamethrin and Group IV -Polymer control microspheres (empty PCL microspheres). A modified petridish bioassay method of Yoder and Stevens (2000) , as adopted by Ranju (2011) , was employed in the current study for the in-vitro evaluation of PCL microspheres. The trials were replicated until N = 500 for unfed larvae, N = 50 for unfed nymph and N = 100 for unfed adults. The ticks were introduced into a petridish containing the different group of microspheres and were closed with another petridish and sealed with laboratory grade parafilm to prevent the ticks from escaping and also to avoid carbon-dioxide exhaled by the observer interfering with the response of ticks. The plates were observed at 10 minutes, 30 minutes, 2 hours and 24 hours and response of the ticks was recorded.
Following in-vitro trials, the microspheres were retained and evaluated at fortnightly intervals to assess its sustained release efficacy using HPLC.
Field trials
A cardboard measuring 5' × 2' formed the base of the pheromone trap/lure. A double sided sticky tape was stuck on to it (leaving a small gap of 3-4 mm on all sides) 0.25g of the various combinations of microspheres as above was sprinkled on to the tape and labelled. Field trials were carried out by placing the sustained release devices in the window sills at a height of 2-3 ft in the kennels housing stray pups and adults at Blue cross of India, Velachery. Six replicates for test and acaricide control microspheres were placed (approximately one device for 20 sq. ft). The devices were observed after 10 days. The number and stages of ticks that were attached and dead were counted and recorded. Percent mortality of different stages was calculated.
Statistical analysis
Statistical analysis was done by using Chi-square test.
Results and Discussion
HPLC analysis confirmed the entrapment of assembly pheromone in PCL. The response of the different stages of Tables I, II and III. On exposure to polymer control microspheres, no characteristic behavioural responses were observed and all the stages were actively motile throughout the observation period. When exposed to pheromone control microspheres, the following behavioural responses were observed: momentary questing followed by probing of the microspheres, simulation of feeding posture and clustering. No mortality was recorded with the pheromone control microspheres even after 24 hours of exposure.
When exposed to the test microspheres, all the unfed stages responded in a similar manner. They exhibited behavioural responses such as questing, simulation of feeding posture, cessation of kinetic activity and clustering. The mortality of the ticks showed a positive correlation with time and was preceded by initial sluggishness following contact with the microspheres. The mortality of the unfed larvae was the highest with the test microspheres 24 hours (95.6 percent) post-exposure, compared to the other stages. Statistically, there was significant mortality of the larvae (p<0.01) and nymphs (p<0.05), when compared to acaricide control. However, no statistical significance in mortality was observed between those adult ticks exposed to test and acaricide control microspheres.
HPLC results revealed that the microspheres were found to be effective up to two months of study period. The reason for sustained release could be attributed to the fact that synthetic polymers are known to have a longer period of slow and steady release of entrapped substance.
In the field trials conducted, various stages of ticks in the environment were found attracted towards the lure and killed (Fig. 1) . The sustained release device with test microspheres alone attracted and killed ticks. A total of 250 ticks were found dead on the lure-this constituted three percent of engorged females (8), 40 percent engorged larvae (101), 19 percent engorged nymph (47), 24 percent unfed larvae (60), 9 percent unfed nymph (22) and 5 percent unfed adults (12). In the control microspheres, very few ticks were found which probably would have been those which accidentally wandered on the device. The unfed stages and the fully engorged stages were found attached/stuck in the lure. The reason for the unfed stages being attracted is due to the role of assembly pheromone in enhancing the host finding success (Hassanali et al. 1989 ). In the current study even engorged stages were also attracted towards the lure. Leahy (1979) opined that assembly pheromone do have a role in protection of the pre non-parasitic stages by concentrating them microenvironments to prevent desiccation and to tide over unfavourable conditions. The engorged stages congregating in response to assembly pheromone could be to tide over unfavourable conditions and thus moult successfully.
